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Abstract 
In Uganda the low national electrification rate of around 15 % and a very poor rate of progress in rural electrification, from an 
estimated 1 % in 2001 to around 7 % in 2013 are identified as major challenges for economic development and poverty 
reduction. In this context, the objective of this scientific paper is to analyze the economic feasibility of mini-grids based on 
renewable energies in the context of the Ugandan energy market as an off-grid electrification solution. In doing so, financial 
feasibility of mini-grids is also taken into consideration from macro-economic perspectives and risk management aspects. It 
acknowledges that off-grid electrification can be seen as mandatory to reach the ambitious national electrification targets and 
offering a huge opportunity in a so far almost untapped market, while at the same time still facing various financing- and market 
barriers in Uganda. By an executed case study, the paper simulates the level of subsidies required to reach economic feasibility, 
revealing that it can only be achieved with high level of subsidies involved due to the currently difficult financing conditions. 
Therefore, innovative financing recommendations are given by suggesting a layered fund as a multi-level financial support 
mechanism. Given the appropriate incentives, it can facilitate a subsidy phase-out for mini-grids in regards to a sustainable public 
sector engagement until self-sustaining market conditions are reached. It could attract investors by offering eligible investment 
conditions such as appealing return rates on decipherable risks by a reallocation between different shareholder layers, including 
public sector funding as a safety caution, while at the same time gradually transferring grant funding to revolving funding support 
step by step. 
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1. Introduction 
1.1. Scope 
This scientific paper is an executive summary based on a master thesis that was conducted by the corresponding 
author in cooperation with the Pro Mini-Grid Program of GIZ Uganda as part of the “Promotion of Renewable 
Energy and Energy Efficiency Program” (PREEEP) and Berlin School of Economics and Law. For further reading 
also regarding a case study, please access the master thesis by contacting the corresponding author, as the master 
thesis will be available soon. The case study cannot be accessed in this paper, however, results and conclusions that 
were drawn are integrated in the discussion part. 
The objective of this scientific paper is to financially analyze mini-grids based on renewable energies in the 
context of the Ugandan energy market. The paper aims to suggest a sustainable subsidy mechanism and estimates 
the level of subsidies required to achieve economic feasibility by an executed case study in order to attract the 
private sector. In doing so, financial feasibility shall be taken into consideration also from the context of a macro-
economic perspective of the Ugandan energy market and risk management aspects.  
1.2. Overview of the Ugandan energy market 
While Uganda finds itself in a period of strong economic growth, with rates between 3.4 and 10.8 % over the last 
decade, a very poor rate of progress in rural electrification, from an estimated 1 % in 2001 to around 7 % in 2013 [1] 
is identified as one of the major challenges for economic development and poverty reduction [2]. 
It seems to be a surprising fact that with such a low electrification rate, Uganda is nowadays exporting electricity 
(8,514 TOE in 2012) from its large hydro power plants to its neighboring countries. This is due to the fact that wide 
parts of the country cannot be connected to the national grid in the middle- or long-term due to economic reasons. 
Poor households cannot afford high connection fees. In addition, collection costs for the distributer are high in areas 
with dispersed population and low numbers of clients [3]. On top of that, the national distribution network is 
inefficient, as distribution losses of on-grid were 24.9 % in June 2013 [3]. In least-cost analyses, the high initial costs 
for the extension cannot be justified by the revenues to be received later on. In these regions, privately operated 
decentralized off-grid electrification can provide a sustainable solution [4]. 
Economic analysis (SE4ALL Uganda Action Agenda, 2015) show that without strong movement in the off-grid 
sector, on-grid expansion will struggle immensely to make an impact on the fast-growing rural population within the 
foreseeable future. The country acknowledges that for rural and remote areas, where connectivity to the main grid is 
too expensive, off-grid and mini-grid systems must be part of the solution to meeting the electricity needs of the 
population and to supporting Uganda in achieving its ambitious targets to reach 100 % electrification rate by 2030 
[5]. Stated by Uganda’s Rural Electrification Strategy and Plan 2013-2022, the ministry of energy (MEMD) has 
recognized the role of off-grid electrification with a planned share of 30 %. 
2. Methods 
The scientific instrument corresponds to a financial simulation that based on a case study considers the required 
level of subsidies to achieve project feasibility. Financing options and recommendations are given by suggesting an 
innovative multi-level financial support mechanism.  
In a research activity, the Ugandan energy market is investigated, regarding the role of mini-grids based on 
renewable energies as off-grid electrification opportunity. Thereby financial challenges and risks are taken into 
account, while elaborating risk management requirements and suggested solutions to face existing market barriers. 
Identified market trends and developments resulting from the research activity are relevant for a financial 
simulation conducted. Thereby the scientific instrument corresponds to a dynamic investment calculation by means 
of a financial model as a simulation tool based on Excel to be optimized for a financial simulation applied. The 
financial simulation is taking into account future price developments, inflation and interest rates. Based on data of a 
village case study village, the scientific research question considers by which amount the high initial costs (capital 
expenditures) need to be lowered by subsidies to achieve project feasibility and competiveness to the national on-
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Fig. 1. Financial simulation scheme [Own illustration]. 
grid tariffs, while at the same time achieving an attractive internal rate of return for the service provider. As a legal 
requirement, the national on-grid tariffs must be matched, while at the same time achieving an attractive internal rate 
of return (IRR). As an assumption for the simulation, the required IRR should reach at least 18 % in order to be 
attractive for the private sector. To calculate the required subsidies, two different scenarios are provided, using two 
different approaches.  
As one can see in Figure 1, the aim of the first scenario, hereby called “Base-Case Scenario”, is to calculate the  
cost-recovering tariffs for the service provider (SP) with given capital expenditures (CAPEX) of the project and an 
expected return (IRR) of 18 %. As an output, this scenario reveals the approximate price level of the cost-recovering 
tariffs in regard to economic feasibility and builds a basis to identify the gap with the national on-grid tariffs. The 
aim of the “Subsidy Scenario”, is to elaborate the required subsidies for the case study by comparing it to the base 
case. In an iteration loop the CAPEX are lowered until a cost-recovering status of the targeted national on-grid 
tariffs is reached. These “Goal CAPEX” are specifically identified and lower than the base case, thus the level of 
subsidies required is hereby calculated as gap between the CAPEX of the two scenarios.  
3. Results 
3.1. Mini-grids based on renewable energies as off-grid electrification opportunity 
Mini-grids based on renewable energies play an important role to contribute to reaching the ambitious national 
electrification targets in Uganda. As a vision shared by UN Secretary-General Ban Ki-moon back in 2011, they are 
commonly seen as a key to providing universal access to sustainable energy by 2030 and since then supported 
through the Sustainable Energy for All (SE4all) initiative. This shift to off-grid electrification solutions may also be 
facilitated by the global technology trend to significant price decreases for related components. It is projected that 
investment costs for cost-intensive components of a mini-grid (lead-acid batteries) will be further strongly reduced to 
300 USD/kWh by 2020 according to a 2012 study by McKinsey [6]. A helpful comparison in the context of the 
German Energy Transition (Energiewende) underlines the decreasing cost trends, showing that investment costs for 
PV plants decreased by 75 % due to learning and scale effects in the shifting German electricity sector since 2006 
[7]. In Uganda, the most important resource for PV mini-grids is quite favorable with an existing solar radiation of 
5.1 kWh/m² per day on a horizontal surface, which is one of the highest in the world and which is approximately 
double the radiation intensity compared to northern Europe [8, 9]. Bearing in mind the high requirement for off-grid 
electrification together with the high solar radiation in the region, it can be concluded that there is a high potential 
for mini-grids based on renewable energies in the Ugandan energy market in a so far almost untapped market. It is 
also a chance to improve the quality of life for rural households. Off-grid electrification can stimulate rural 
employment diversification, and enhance value-adding enterprises to improve farmers’ terms of trade and income 
levels. Thus, it can improve food security and creates the opportunity for rural households to access in enjoying 
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electrification’s many modernizations and lifestyle benefits. It further contributes rural regions to participate more 
broadly and fully in economic and social development [10]. 
3.2. Financial challenges and risks 
However, this high market potential is currently facing significant market barriers and challenges that need to be 
surmounted to reach economic feasibility of mini-grids. There is still only a slow process of rural off-grid 
electrification. Initial activities in this sector have shown that there are three structural causes [4]: 
1) Insufficient national focus on decentralized electrification strategies 
2) Lack of mechanisms to promote rural electrification and private sector engagement 
3) Insufficient private sector capacities for installation and operation of off-grid systems 
These issues are compounded by a severe shortage of finance for off-grid projects, given the financial sector’s 
unfamiliarity with what is still a relatively new business model. “In development countries, limited access to finance 
is already the second-most cited obstacle for business, right after unstable electricity.” [11]  
The access to finance in developing countries is a barrier that will only subside when investors see proof of 
concept and reduce the cost of finance for these projects. Second, debt financing faces high risks and thus high 
interest rates. Financing products needs to be adopted to renewable energy financing, requiring one to overcome 
high initial costs and long loan tenors [12]. The cash flow calculations are dependent on factors that are only now 
becoming decipherable: customer demand, bankability and growth for a new branch of business is not foreseeable to 
all players in the sector [4]. The need to provide technology and financing services in rural areas presents significant 
business opportunities, as there is a growing market for off-grid renewable energy in areas with non-existent or 
unreliable access to electricity [13]. However, differences in regulatory environments have made foreign approaches 
unfit for the Ugandan context, calling for additional attention to policy, capacities and business models [4]. 
3.3. End-customer tariff and market development 
A major challenge for a successful integration of mini-grids based on renewable energies into the Uganda energy 
mix are, in particular, national subsidies for on-grid electricity tariffs. Due to political reasons, licensed off-grid 
electrification tariffs are required to compete with national on-grid tariffs. 
Additionally, this competition is also facing a high level of subsidization of the national on-grid tariffs. These 
would be normally higher without subsidies [14]. It is estimated that in 2011, subsidies amounting to UShs 600 
billion were equal to 6.2 % of the total budget allocation and 26 % of the combined budget for health, agriculture 
and education. Yet, only few Ugandans have access to electricity. “Therefore, the small percentage that has access 
to electricity is hugely subsidized by the rest." [15] 
Between 2006 and 2011/2012 there was thus no increase for domestic customer tariffs at all, since increasing 
costs were covered by strongly increasing governmental subsidization in the sector. Until 2012/2013, a sudden 
increase of the tariff on average of 48 % [16] was conducted when the Ugandan government (GoU) phased out the 
subsidy that had kept the retail tariff below costs [10]. This happened in the same year the Ugandan Shilling reached 
an inflation rate of 18 % [17] and this increase made the GoU strategy to subsidize the capacity payment of rental 
plants unsustainable [18]. “As a result of unchanged tariffs amidst a depreciating shilling and increasing fuel prices, 
the impact on government subsidies has reached unsustainable levels.” [15] 
Returning to the basic principle that the sector is expected to be financially viable and that each generation, 
transmission, and distribution company meets the performance targets specified in the respective licenses, the 
national Electricity Regulatory Authority (ERA) approved a multi-year tariff aiming upwards at more cost-
recovering levels with quarterly automatic adjustments for fluctuations in fuel costs, exchange rates, and inflation in 
2014 [10]. 
Even though the tariffs are adjusted now by the ERA to these fluctuations factors and publishes the tariff 
calculation patterns accordingly, the tariffs of the on-grid sector and the costs of the grid extensions are nevertheless 
suspected to be highly subsidized. A World Bank source estimates that although GoU stops the support for rebates, 
subsidies between 2013 and 20 will be UShs 1.336 billion (US$ 492 million) [18]. 
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Based on the market development over the last decade, one can calculate an average inflation rate of 9 % p.a.. 
The domestic customer tariffs increased yearly by 13 % on average. For the financial simulation, these growth rates 
are calculated as set macro-economic financial assumptions as estimated development for the project lifetime. 
However, one needs to bear in mind that the inflation rate and tariff developments are very volatile. This makes a 
forecast hardly foreseeable and possible divergences of assumptions remain uncertain as variables. Thus, sensitivity 
analyses help to calculate different scenarios for the service provider. They help to identify the primary risk drivers 
for further risk mitigation possibilities as well as the point and the circumstances when the project would no longer 
be able to serve its debt service due to a negative cash flow if revenues would not be sufficient to cover the payback 
including interest and other costs such as maintenance, etc. On the basis of this break-even scenario, potential 
lenders are in a better position to assess their residual credit risk [19]. 
3.4. Risk management 
Risks arising from market uncertainties require safety cautions to be managed. “Risks are priced on the basis of 
the perceived risk, i.e., the investor/financer will determine the total costs of capital based on his refinancing costs or 
‘risk-free rates’ plus a risk margin.” [12] With immature market conditions for new RE technologies such as in 
Uganda, the (perceived) risk might significantly exceed the actual risk with investors “prioritizing” business as usual 
and need to be addressed with innovative financing and support mechanism. Resulting high financing costs reduce 
the financial viability of projects, while risks also cause limited access to financing. Thus, risk management and 
mitigation play a central role in order to achieve economic feasibility for mini-grids.  
The public sector would be particularly well positioned to absorb risks that cannot be managed by the private 
sector. Political, regulatory and off-taker risk guarantees are the most prominent examples. Protecting investors in 
case of a default, they usually cover losses or outstanding loan amounts and/or equity investments. For example, 
loan guarantees provided by the public sector can apply for a defined portion of debt outstanding and address the 
barrier of limited access to debt financing [12]. The practice of public risk mitigation instruments can positively 
affect financing costs (debt + equity), available loan tenors and the size of debt portion. Subsequently, they can help 
to make the risk assessment from the private sector’s view more attractive and therefore reduce financing costs. As 
the true costs of guarantees for the public sector are low and the impact is significant, donor money can be spent 
efficiently since they can help to reduce required grant funding. “A more attractive risk profile can attract a higher 
appetite of lenders and increase the debt portion in the capital structure. It can also extend the loan tenor and reduce 
the requested risk margin and consequently the overall interest rate. Finally, equity investors might reduce their 
equity return expectation.” [19] 
However, there are types of risks that neither the private nor the public sector can mitigate. The above-mentioned 
currency risk in Uganda can strongly affect revenue streams for international private sector investments. Revenue 
streams can also be affected by several other factors, causing an underperformance of mini-grid projects. For 
instance, the demand assessment is crucial for the right sizing of the system. In areas previously without electricity, 
the socio-economic impacts are hardly predictable. A review paper of RE mini-grid risks [20], identifies ‘load 
uncertainty’ as a risk that can cause a faulty system design by referring to numerous actual examples demonstrating 
faulty systems.  
As there are only few projects in Uganda [4], it is difficult to foresee the long-term growth demand rate. As 
comparison: The Rural Electrification Authority in Kenya identified 33 greenfield mini-grid sites, using a rule of 
thumb of 10 % load increase over the first 5 years of operation [21]. Project experience can address this issue, while 
financial support mechanisms can cover losses for specific risks, co-investments and first loss investments and thus 
have indirect risk-mitigation effects.  
4. Discussion 
4.1. Discussion of financial simulation 
The results of the financial simulation enable one to draw the following conclusions. With a debt share of local 
interest rates accounting for 25 % p.a., even with a high equity share cost-coverage of national on-grid tariffs could 
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not be reached. This fact is compounded with the barrier of limited access to debt financing meaning under local 
market conditions a complete equity-based financing would be required with unlevered cost of capital, raising 
concerns of an ineffective financing. Whereas with softened interest rates of 10 % p.a. a debt share of 40 % would 
be required, while a 60 % equity share would need to be subsidized with a level of 100 %, raising questions 
concerning the ownership between donor and SP for the system. Thus, still then a more intensive equity share would 
be required. However, it would need to be clarified if the financing can be achieved and one needs to bear in mind 
that grant money is commonly not seen as a sustainable form of subsidization compared to e.g. revolving funds. 
Therefore, it can be concluded that the financial simulation affirms that in order to achieve an efficient financial 
support, public sector engagement is also mandatory in the field of debt financing in order to enable the appropriate 
debt financing conditions and access to debt financing at all as a requirement to achieve economic feasibility of RE 
mini-grids in the Ugandan energy market. The level of subsidies to lower the CAPEX would otherwise exceed a 
common equity share as current market conditions of equity and debt financing options are not self-sustaining. Thus, 
the financing of RE mini-grids in Uganda requires a multi-level public sector support. At the current state, a high 
amount of subsidies is required per village grid to achieve economic feasibility as high CAPEX needs to be lowered 
significantly to achieve on-grid tariffs. However, scale-up effects, increasing project experience and productive use 
and electricity demand growth can lower the amount of subsidies required. Therefore, an innovative multi-level 
financial support mechanism is suggested, addressing various financing challenges at the same time.  
4.2. Financial support mechanism 
The suggested financial support mechanism would address the biggest market challenges, such as the high 
returns required to compensate the high market risks in order to attract the private sector and enable access to debt 
financing under eligible conditions. As the perspective of investor types reaches from risk affine to risk averse, 
shareholders, the financial support mechanism is based on a so-called layered fund.  
A layered fund is financed in different share classes [19]. The target and excess returns are split among the 
shareholders in a pre-defined ratio. A-share investors (private investors) are satisfied first to receive their target 
return, Mezzanine (B-share) investors such as development banks follow with less return expectations and finally 
the C-shareholders represented by the public sector only aim to receive the repayment without dividends. In return, 
co-decision-making rights are given to the public sector. In case of a financial underperformance, the C-share fund 
of the public sector will function as a buffer being partly transformed into a grant fund that covers any losses or any 
divergences to the expected returns for the other shareholders. Thus, it is also the first-loss piece of the fund and the 
“safety cushion” of all other investors.  
Consequently, the C-share fund of the public sector faces the highest risk, while at the same time passing what 
normally would be correspondingly the highest return, enabling to offer private investors acceptable return- and risk 
Fig. 2. Innovative multi-level financial support mechanism applied on layered fund (own illustration based on [12]). 
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expectations despite the existing challenging market conditions. Besides urgently attracting investors, this would 
also help to ensure that the financing can be conducted successfully. Depending on the project performance, this 
would demand more or less grant financing of the public sector as a risk mitigation. In the best-case scenario, the 
public sector receives a complete repayment. That would mean grants that are not repaid are not lost and rather 
function as a revolving fund, as it would otherwise be the case when providing subsidies that are not paid back. 
Reaching funding with full repayment would accelerate a subsidy phase-out for the public sector engagement. 
Once the layered fund is initiated it can provide a variety of financial support instruments per SP for each debt 
and equity financing via direct lending or on-lent financing with a financial intermediate as shown in Figure 2. This 
would include the above-mentioned financial risk mitigation instruments such as loan guarantees and interest 
softening to enable the required debt financing while at the same time providing equity funds. 
5. Conclusion 
The discussion of the financial simulation reveals that economic feasibility of mini-grids based on renewable 
energies is hard to achieve due to the currently difficult financing conditions caused by existing market challenges 
and requires a high level of subsidies involved. Nonetheless, the right incentives enabling to attract the private sector 
and a multi-level financial support mechanism of the public sector could close existing financing gaps and address 
financing barriers. New market opportunities for mini-grids in Uganda can arise with suitable policy frameworks 
and the introduction of public financial support engagement. They offer a mandatory off-grid electrification solution 
to encourage economic development in rural areas, opposed to the limited national grid extension to increase the 
rural electrification rate of the Ugandan energy market, contributing to the ambitious national target to achieve 100 
% electrification by 2030.  
High amounts of subsidies and intense equity financing are compulsory to overcome the high initial costs for the 
service providers to close the gap between cost recovering and national on-grid tariffs at this point. However, 
innovative financing support instruments including risk mitigation and management, as well as the enhancement of 
framework conditions could stimulate improved market conditions enable a subsidy phase out over the long-term, 
attracting investors while at the same time gradually transferring granting to revolving funding support step by step. 
Public sector finance can close the existing gap of private sector investments for the initial capital expenditures, 
covering missing parts of debt and equity financing with a variation of support instruments implemented by a 
layered fund. This layered fund is suggested to attract investors by offering eligible investment conditions, offering 
appealing return rates on decipherable risks by a reallocation between the shareholder layers, including public sector 
funding as a safety caution. Over the long-term, decreasing public sector engagement should be targeted until self-
sustaining market conditions are reached (Fig. 3). Intense equity financing should be enabled to be transferred into 
more debt financing with leverage effects involved, while at the same time the high initial costs are trending to be 
 Veit Raisch /  Energy Procedia  93 ( 2016 )  174 – 182 181
reduced due to external factors, such as scale-up effects, foreseeable project experiences and decreasing technology 
costs.  
Fig. 3. Closing financing gap with public sector engagement until self-sustaining market conditions are reached [Own illustration] 
Bringing access to clean electricity and a modern a life style to rural households, Mini-grids based on renewable 
energies can enable improved living conditions. Furthermore, they play an important role to provide a rural 
electrification solution as required base for a rural economic development in terms of productive use of electricity, 
which could enhance new perspectives for the agricultural sector and stimulate rural employment diversification by 
enhancing value-adding enterprises. 
The suggested financing recommendations also express the need to develop local financing options and more 
research about the socio-economic impact of access to electricity such as demand growth in Africa. This underlines 
the relevance of the partnership among African and European institutions, as the number one obstacle for renewable 
energy projects in Africa is missing financial options compounded by financial risks. Conclusions and suggestions 
that were made in this paper could serve as thematically relevant for the discourse of the Africa-EU Symposium. 
They serve to contribute to the general conclusions drawn in the Symposiums’ summary [22]: 
x Although funds are available, financing renewable energy research in Africa continues to pose a 
challenge. Lack of awareness, difficult application procedures and limited capacities often hamper 
access to available funding sources such as Horizon 2020. 
x The role of national governments and public institutions is crucial in promoting a people-centered 
approach and fostering foreign investment in the private sector. Energy strategies for the people require 
local empowerment and ownership. 
x Academia can lead in the development and implementation of new technologies, innovative mechanisms 
as well as policies and strategies.  
For further reading also regarding the case study, please access the master thesis by contacting the corresponding 
author, as the master thesis will be available soon. 
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